by the formation at exospheric heights of a region of g r e a t e r helium density above the poles during the w i n t e r months, caused by a seasonal variation in the height of the turbopause. V L e s v a r i a t i o n s l i i e s A l ' a c t i v i t ; s o l a i r e e t gGomagn6tique o n t kte' 6 l i m i n 6 e s p a r l ' e m p l o i de modGles a p p r o p r i k s e t l a v a r i a t i o n d i u r n e a e'td m i s e e n 6 v i d e n c e d a n s l e s d e n s i t g s d 6 d u i t e s du c a l c u l d e l a t r a T n d e d e s e p t s a t e l l i t e s a r t i f i c i e l s aux p 6 r i g 6 e s c o m p r i s e n t r e 250 e t 650 k i l o m G t r e s . Une a n a l y s e d e s v a r i a t i o n s d i u r n e s mGne aux c o n c l u s i o n s s u i v a n t e s :
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B.
L e maximum d i u r n e a l i e u 1 4 h e u r e s ( h e u r e s i d 6 r a l e l o c a l e ) ,
inddpendamment de 1 ' a c t i v i t ; s o l a i r e ;
e n t r e 3 e t 4 h e u r e s .
l a d e n s i t ; minimale a l i e u C.
L ' a m p l i t u d e d e l a v a r i a t i o n d i u r n e semble f l u c t u e r d ' u n e f a s o n q u i n e p e u t g t r e e n t i G r e m e n t d c e a u x v a r i a t i o n s de l ' a c t i v i t ;
s o l a i r e .
D. L e s r 6 s i d u s s i g n i f i c a t i f s h a u t e a l t i t u d e p r o v e n a n t du modGle i v a r i a t i o : i d i u r n e q u i o n t d t k o b s e r v b s s u r l a t r a g n d e
d ' E x p l o r e r 1 9 e t d ' E x p l o r e r 24 p e u v e n t g t r e e x p l i q u d s p a r l a f o r m a t i o nd e s a l t i t u d e s e x o s p h k r i q u e s -d ' u n e r g g i o n p l u s g r a n d e d e n s i t 6 d ' h i l i u m a u -d e s s u s d e s po^les p e n d a n t l e s mois d ' h i v e r d6e i une 1.
DIURNAL AND SEASONAL-LATITUDINAL VARIATIONS IN THE UPPER ATMOSPHERE
Luigi G. Jacchia and J a c k W. Slowey
THE E F F E C T OF THE DIURNAL VARIATION ON SATELLITE DRAG
In view of r e c e n t r e s u l t s f r o m the d r a g analysis of high-inclination E x p l o r e r balloon satellites (Jacchia and Slowey, 1966; Keating and P r i o r , 1967) , which seemed to c a s t some doubt on the global model of the diurnal v a r i a t i o n previously derived f r o m lower inclination satellites (Jacchia, 1965a, b) , it seemed d e s i r a b l e t o reanalyze a l l the suitable observational m a t e r i a l in o r d e r to obtain a c l e a r e r picture of the density distribution i n and above the thermosphere. The t i m e f o r such an analysis appeared p a rt i c u l a r l y favorable, since a considerable amount of new satellite -drag data had been accumulated during the quiet-sun y e a r s , when e r r a t i c density v a r i ations connected with s o l a r activity w e r e l e s s likely to i n t e r f e r e with the diurnal variation.
gee, and since it generally t a k e s the perigee a few hundred days to move f r o m daylight into night and back to daylight, a plot of the perigee densities
The d r a g of a satellite yields densities at o r around p e r ishows the diurnal variation i n slow motion, so to speak.
nected with s o l a r and geomagnetic activity, and the semiannual variation, will thus appear superimposed on the diurnal variation and m u s t be eliminated i f we want to have a c l e a r e r picture of the latter.
established to take into account these p a r a s i t i c variations (Jacchia, 1965b) , and we have used them in this paper to isolate the diurnal oscillation; these f o r m u l a s , however, cannot be perfect, s o it helps if the p a r a s i t i c variations a r e s m a l l e r , a s they w e r e during the quiet-sun period.
Variations con-E m p i r i c a l f o r m u l a s have been During the hundreds of days into which the diurnal cycle is stretched by the d r a g plot, the perigee of the satellite moves back and f o r t h in latitude, with a different period, and s o does the subsolar point on the e a r t h ' s surface.
This work was supported in p a r t by Grant N s G 8 7 -6 0 f r o m the National Aeronautics and Space Administration.
If the c e n t e r of the diurnal bulge follows the migrations in latitude of the s u b s o l a r point, the combination of this motion with t h a t nf the perigee w i l l c a u s e a complicated p a t t e r n of waves in the d r a g plot. If the center of the diurnal bulge does not follow the migrations of the subsolar point, t h e r e w i l l s t i l l be waves, caused only by the latitude variations of the perigee, but t h e i r p a t t e r n will be quite different.
f r o m the d r a g of a single satellite, s u p p r e s s all the known atmospheric v a r i ations except the diurnal variation, and c o m p a r e the plot of these c o r r e c t e d densities with the theoretical variation obtained using f i r s t a migrating and then a stationary bulge, it should be possible t o decide i n favor of one o r the o t h e r by inspecting the pattern of the secondary waves in the diurnal-cycle oscillation. The decision should be c l e a r -c u t i n the c a s e of satellites with m o d e r a t e orbital inclinations; f o r those with higher inclinations we can expect trouble i f t h e r e is a seasonal-latitudinal variation i n the atmosphere.
If we take the atmospheric densities derived
The s a t e l l i t e s used i n the present analysis a r e listed, with some of t h e i r pertinent c h a r a c t e r i s t i c s , i n Table 1 . M a r c o 1) w a s added only because it i s t h e lowest satellite f o r which we have density data, although no significant r e s u l t s could be expected f r o m i t in view of the s h o r t interval covered by the observations; we thought it would be u s eful, however, to s e e how the data would fit in the diurnal-variation model.
The l a t e s t satellite in the table (San
We have m a d e o u r analysis on t e m p e r a t u r e s r a t h e r than on the original All t e m p e r a t u r e s were derived f r o m the observed densities with densities.
the u s e of Jacchia's (1965b) models, henceforth r e f e r r e d to as J65. r e a s o n for using t e m p e r a t u r e s is obvious: to be independent of height above the thermopause, the relations between the t e m p e r a t u r e and the v a r i o u s p a r a m e t e r s that govern atmospheric variations a r e m u c h s i m p l e r than the relations between t h e s e p a r a m e t e r s and the density.
All f o r m u l a s for the different types of atmospheric variations i n J65 a r e based on t e m p e r a t u r e s . T h e s e t e m p e r a t u r e s m a y be affected by l a r g e systematic e r r o r s because of the oversimplifications introduced in the models; they do, however, reproduce the observed densities, and that is all that counts f o r a n analysis s u c h as this.
The
Since the t e m p e r a t u r e is assumed Table 1 . C h a r a c t e r i s t i c s of satellites Feb. 1 9 5 9 Oct. 1 9 6 6 Nov. 1 9 6 0 Oct. 1 9 6 6 Dec. 1 9 6 2 May 1 9 6 6 Apr. 1 9 6 3 Oct. 1 9 6 3 Dec. 1 9 6 3 Oct. 1 9 6 6 Nov. 1 9 6 4 Oct. 1 9 6 6 Dec. 1 9 6 4 Feb. T h e a v e r a g e p e r i g e e h e i g h t r o s e t o 600 km i n F e b r u a r y 1966 and t h e n d e c r e a s e d .
A / m = a r e a -t o -m a s s r a t i o ; t = beginning a n d e n d of p e r i o d c o v e r e d b y a n a l y s i s ; z = a v e r a g e p e r i g e e h e i g h t : Z = a v e r a g e a p o g e e h e i g h t ; i = o r b i t a l i n c l i n a t i o n ; To = s y n o d i c p e r i o d of p e r i g e e ( l e n g t h of d i u r n a l c y c l e ) . In the analysis of the diurnal variation, we used 10-day m e a n s of the t e m p e r at u r e residuals, i n which we gave each individual observation a weight proportional to the interval of differentiation of the positional data f r o m which the a c c e l e r a t i o n (and thus the t e m p e r a t u r e s ) was derived. This procedure, a s previously explained (Jacchia and Slowey, 1966) , m i n i m i z e s possible e r r o r s introduced by inadequate c o r r e c t i o n f o r magnetic-s t o r m activity.
. RESULTS FROM LOW-INCLINATION SATELLITES
Results obtained f r o m t h r e e s a t e l l i t e s with low to moderate orbital inclinations ( f r o m 33" to 5 0 " ) a r e shown graphically i n F i g u r e s 1, 2, and 3.
The top of the d i a g r a m is a plot of the quantity AT = T -To, where T is the Ilexospheric" t e m p e r a t u r e obtained f r o m the observed perigee density, and T account s o l a r and geomagnetic activity, and the semiannual effect according to f o r m u l a s ( 6 ) , (8), (9), a n d (14) i n J65. The two c u r v e s below the AT plot show the theoretical diurnal variation D, with a maximum amplitude normalized to 1. 0, according to two different models. The upper curve is computed using the model of J65, in which the bulge m i g r a t e s in latitude with the subs o l a r point; the lower c u r v e is computed using the model of Jacchia and Slowey (1966) , in which the bulge is stationary on the equator and elongated in the north-south direction, with the p a r a m e t e r s m = 1. 5, n = 2. 5 ; D is defined as the m i n i m u m nighttime t e m p e r a t u r e on the globe, computed taking into
w h e r e T satellite perigee, computed f r o m the bulge model, s t a r t i n g f r o m a n a r b i t r a r y value of To; and (1 t R ) i s the ratio of the maximum t e m p e r a t u r e a t the center of the bulge to the m i n i m u m t e m p e r a t u r e in the opposite hemisphere.
variations in latitude of t h e satellite perigee, the declination of the sun, and the 10. 7 -c m s o l a r f l u x a r e shown f o r r e f e r e n c e in the lower half of the figures.
is the exospheric t e m p e r a t u r e for the geographic location of the C The The theoretical curve computed using the migrating bulge of 565 shows lively secondary waves in the vicinity of the maxima, caused by the interplay of the variations in latitude of the p e r i g e e and of the bulge.
o r e t i c a l curve is much smoother around maxima, since the variations in
The second the- latitude of the bulge a r e m i s s i n g ; around minima, however, t h e r e a r e lively I I secondary waves. These are p r d~t e d z s the p e~i g e~ of t h e sateIIit.2 C~O S S~S the equator in the vicinity of the antibulge point, where, owing to the elongation of the bulge, the i s o t h e r m s now crowd together. A simple glance at F i g u r e s 1 to 3 will show that it i s the first model, that of the migrating bulge of J65, that is much c l o s e r to reality; as is to be expected, this f a c t e m e r g e s with g r e a t e r c l a r i t y during the period of the quiet sun, and c a n be s e e n in all t h r e e figures. E x p l o r e r 1, 350 k m ; E x p l o r e r 8, 420 k m ; Vanguard 2, 560 km. The perigee height of Vanguard 2 is intermediate between those of E x p l o r e r 1 9 and E x p l o r e r 24, whose d a t a gave r i s e to the hypothesis of the stationary, elongated bulge, s o we m u s t conclude that t h i s hypothesis is not c o r r e c t and that the c a u s e of the l a r g e residuals at high latitudes f o r these two s a t e l l i t e s m u s t be sought elsewhere. Before we t u r n our attention to this problem, however, l e t us examine f u r t h e r a s p e c t s of the diurnal variation.
The approximate perigee heights of the t h r e e satellites a r e : satellite does not n e c e s s a r i l y c r o s s the center of the bulge o r of the antibulge a t every cycle, the observed t e m p e r a t u r e range 6 T m a y be somewhat s m a l l e r than the t e m p e r a t u r e difference between these two points; this c a n be s e e n by inspecting the D column in Table 2 . cycle is much g r e a t e r than the cycle of latitude variation f o r the satellite perigee, the chance of a c e n t r a l c r o s s i n g of the bulge and of the antibulge is (1964-84A) w h e r e Dm and D maximum, respectively, and E is the m e a n value of R, taken as 0. 28 according t o J65. The relative amplitude (1 + R) could be computed f r o m both the ascending and the descending branches of the A T curve, but then successive values of R would not be independent of each o t h e r ; therefore, we always limited o u r s e l v e s to one branch of the curve.
. AMPLITUDE AND PHASE O F THE DIURNAL VARIATION
a r e the values of D corresponding to the minimum and the M F i g u r e 4 shows a plot of R, as obtained f r o m the t h r e e low-inclination s a t e l l i t e s of the preceding sections, i. e . , E x p l o r e r 1, Vanguard 2, and E x p l o r e r 8, compared with a graph of F s a t e l l i t e s give comparable values of R, in spite of their g r e a t range in p e r igee heights, but there s e e m s to have been some variation of R in the course of the 8 y e a r s covered by the observations. The fact that we obtain s i m i l a r values of R f o r d i f f e r e n t heights would indicate that the t e m p e r a t u r e scale of the models is essentially correct. We m u s t not forget, however, that the J65 models a r e s t a t i c models; they m a y well give a c o r r e c t relation between AS c a n be seen, all three 10. 7' -and T in the solar-cycle variation and still be systematically in e r r o r F1O. 7 0 when we compute the t e m p e r a t u r e range in the diurnal variations f r o m the observed density ranges. different heights give essentially the same values of R m e a n s that diurnal density variations can be satisfactorily predicted with static models; we must, however, not attach m o r e than a relative value to the diurnal t e m p e r a t u r e variations.
Even if this is the c a s e , the fact that satellites at i t s minimum and t h e r e was no solar phenomenon that could be obviously blamed f o r such a n occurrence. suddenness of the d r o p might at f i r s t be doubted w e r e it not f o r the fact that i t a p p e a r s in the d a t a of two satellites, E x p l o r e r 1 and Explorer 8. satellite, Vanguard 2, a l s o shows the drop, but the long duration of i t s diurnal cycle m a k e s it impossible to tell how sudden it was.
is visible at f i r s t glance in the AT c u r v e s in F i g u r e s 1 and 2.
Because of s o m e s c a t t e r in the data, the F i g u r e 4. Relative amplitude of the diurnal t e m p e r a t u r e variation a s derived f r o m the drag of t h r e e satellites with moderate orbital inclinations, plotted as a function of time and compared with the smoothed 10. 7-cm solar flux.
s m a l l e r at sunspot minimum than a t sunspot maximum, i t would appear that t h e r e is no simple relation between i t s magnitude and s o l a r activity, as c a n be s e e n in F i g u r e 5, w h e r e R i s plotted against F R f o r Flo.
constant a t minimum.
T h e l a r g e s c a t t e r in 10. 7' < 85 is a consequence of the d r o p i n R w h e n F was nearly 10. 7
In conclusion, it a p p e a r s that: ( 1 ) the relative amplitude (1 t R ) of the diurnal variation is not constant; ( 2 ) although loosely connected with s o l a r activity, i t s variations cannot be d i r e c t l y related to the 10. 7 -c m s o l a r flux; ( 3 ) R a p p e a r s to be subject to e r r a t i c fluctuations; (4) a good average value f o r R is 0. 30.
F o r lack of information concerning variations in t e m p e r a t u r e and composition at that height, both the J65 and the CIRA 1965 models a s s u m e constant boundary conditions at 120 km.
boundary conditions would not cause s e r i o u s discrepancies in the models of a t m o s p h e r i c variation above 300 k m ; at lower heights, however, we m u s t expect t o o b s e r v e variations that a r e l a r g e r than those predicted by the models. magnetic activity a t 200 k m (Jacchia, 1965c) and f o r the diurnal variation in the s a m e height region (King-Hele and Quinn, 1966) . W e m u s t expect, t h e r ef o r e , to find somewhat g r e a t e r values of R when we analyze satellites with low perigee heights. A s we c a n s e e f r o m Table 2 No reliance should be placed on the single value of R computed P P The AT c u r v e that r e p r e s e n t s the observed diurnal variations in the top d i a g r a m of F i g u r e s 1 t o 3 and Figure 6 should r e a c h z e r o at minimum when D = 0, if T m t e m p e r a t u r e s coincide. Thus a n inspection of F i g u r e s 1 to 3 and F i g u r e 6 should immediately reveal how good the a s s u m e d relation between Fl0. 
The observed variations (top) a r e compared with the
If we consider that during the interval covered by the d i a g r a m of E x p l o r e r 1 ( F i g u r e 1) To had a range of b S U -, we m u s t conciude that the observed r e s i du a l s a r e r e a l l y quite small, and the n e a r absence in them of a systematic t r e n d is amazing.
the values of Tm and T M obtained f r o m E x p l o r e r s 1 and 8 and Vanguard 2 against F1 I n this plot, which is shown in F i g u r e 7, we have also drawn the s t r a i g h t lines corresponding t o the minimum and maximum t e m p e r a t u r e s should be linear, we 0 and TlO. 7 would not attribute any physical reality to the c u r v a t u r e shown i n F i g u r e 5, inasmuch a s the c u r v a t u r e is dependent on the relation between s and T in equation ( 5 ) of J65, and the present observational m a t e r i a l allows considerable leeway i n the f o r m of that relation.
00
The amplitude of the diurnal variation is e a s i e r to determine than its phase. A plot of the observed temperature against LST could give the c o r r e c t picture of the diurnal variation only if the satellite were in an equatorial orbit, and if the diurnal bulge w e r e perpetually centered on the equator. In the general c a s e , however, the satellite perigee w i l l not c r o s s the c e n t e r of the bulge, s o the maximum t e m p e r a t u r e will be recorded at a point either e a s t or west of it, where the LST will differ from that of the bulge. The difference, of course, can be v e r y l a r g e f o r high-inclination s a t e l l i t e s ; f o r satellites of low inclination, however, it will r e s u l t in a s c a t t e r that m a y be considered tolerable. expect systematic d i f f e r e n c e s f r o m this effect whenever t h e r e is commensurability between the cycle of the diurnal and of the latitude variation of the satellite. In spite of this drawback, we have determined the LST of the m a x i m u m and the m i n i m u m i n the plot of t e m p e r a t u r e against LST f o r the t h r e e satellites that w e r e used in the analysis of amplitudes. The a v e r a g e s f o r each satellite a r e : In addition to s c a t t e r w e m u s t , of c o u r s e , The e x t r e m e s of the diurnal t e m p e r a t u r e v a r -%tion a s derived f r o m the drag of three satellites with moderate orbital inclinations,
plotted as a function of the smoothed 10. 7-cm s o l a r flux. c u r v e s a r e a n attempt to f i t the obserxed data; the straight lines r e p r e s e n t the relations of J65, i. e . , To = 418" t 3: 60 Floe 7, and T M = 1. 28 To. E x p l o r e r 1, the data on which should be considered m o r e reliable in view of the low inclination of its orbit, the s h o r t n e s s of i t s diurnal cycle, and the l a r g e number of cycles that w e r e observed.
RESULTS FROM HIGH-INCLINATION SATELLITES, SEASONAL VARIATIONS
R e s u l t s f r o m the two atmospheric-density satellites i n n e a r polar orbit ( E x p l o r e r s 19 and 24) have shown that t h e models of atmospheric variations obtained f r o m low-inclination satellites do not r e p r e s e n t adequately the v a r i ations a t high latitudes. The discrepancy was f i r s t attributed to seasonal v a r iations (Jacchia, 1966) , but l a t e r it was suggested (Jacchia and Slowey, 1966) that the r e s i d u a l s could be explained assuming that the diurnal bulge is elongated in the directions of the poles and does not m i g r a t e in latitude with the s e a s o n s .
be obtained with a bulge that, around the solstices, peaked even f a r t h e r f r o m the sun, in the winter hemisphere! As explained in the paper by Jacchia and Slowey, the fact that the cycle of the latitude variation for these two satellites is v e r y close t o 6 months made it v e r y difficult to decide whether the observed d i s c r e p a n c i e s w e r e caused by a seasonal variation o r by a n imperfection in the global model of the diurnal variation.
Keating and P r i o r (1967) actually found that the best r e s u l t s could
The announcement by Jacobs (1967) that low satellites in polar orbit exhibit a 24-hour oscillation, which he interpreted as caused by a heat bulge centered around the magnetic pole, led u s t o investigate whether additional heating in high geomagnetic latitudes could explain the discrepancies shown by E x p l o r e r s 19 and 24. We experimented with various models in which the heat bulge w a s m a d e successively s h a r p and diffuse, single-peaked and ringshaped; i n the l a s t c a s e , we even changed the d i a m e t e r s of the ring and the latitude of its center. and we convinced o u r s e l v e s that, if the d i s c r e p a n c i e s w e r e caused by a heat bulge in high latitudes, this bulge had to be t h e r e only during the winter months and m u s t disappear in s u m m e r . gave good r e s u l t s and have led u s t o conclude that the bulge is unconnected with geomagnetic activity.
if the l a r g e 24-hour oscillation he o b s e r v e s in the motion of satellites w e r e None of these experiments led to satisfactory r e s u l t s , E x p e r i m e n t s with such a seasonal bulge W e cannot confirm the r e s u l t s obtained by Jacobs;
caused by drag, it would imply the existence above the magnetic pole of a phenomenal a t m o s p h e r i c bulge that, a p a r t f r o m being unreasonably pi*oiioiiiieed, could not fail to appear in the drag of E x p l o r e r s 1 9 and 24. o r i g i n of the 24-hour oscillation must be sought in a n effect other than a t m o sp h e r i c drag.
We feel that the E x p l o r e r 19 and E x p l o r e r 24 a r e balloons 12 feet in diameter, and the effect of radiation p r e s s u r e on them is v e r y great. o r b i t a l eccentricity undergoes large oscillations, which a r e reflected in a v a r i a b l e perigee height. The perigee height of E x p l o r e r 19 h a s fluctuated between 595 and 695 k m during the 3 y e a r s covered by the observations, and that of E x p l o r e r 24 between 526 and 612 k m in a 2 -y e a r interval.
previously mentioned ( J a c c h i a and Slowey, 1966) , hydrogen becomes i m p o rtant above 650 k m when the t e m p e r a t u r e drops below 700"; thus, any uncertainty in i t s concentration would affect the t e m p e r a t u r e s derived f r o m dens i t i e s in the c a s e of E x p l o r e r 19 when its perigee is high and t e m p e r a t u r e s a r e low.
oxygen, i n c r e a s e s with decreasing t e m p e r a t u r e , we find that, according to the J65 model, the total density at 700 k m r e a c h e s a minimum around 600'.
This m e a n s that at low exospheric t e m p e r a t u r e s the density becomes insensitive to t e m p e r a t u r e , and therefore , the determination of t e m p e r a t u r e s f r o m densities becomes l e s s a c c a r a t e ; actually, a density lower than the m i n i m u m would give an imaginary t e m p e r a t u r e . Over most of the interval covered by the observations, the perigee of E x p l o r e r 17 was below 700 km, and the exospheric t e m p e r a t u r e w a s above 700", s o t h e r e was little danger involved in deriving t e m p e r a t u r e s f r o m the model, except f o r a period of 2 o r 3 weeks in July 1965 and J u l y 1966. computed density r a t h e r than t e m p e r a t u r e residuals f o r both Explorer 19 and E x p l o r e r 24.
A s a consequence, t h e i r A s was
Since the density of hydrogen, c o n t r a r y to that of helium and atomic
In any c a s e , to avoid trouble, we
In Section 2, we found that at low and m o d e r a t e latitudes the J 6 5 model of a nonelongated diurnal bulge migrating with the subsolar point is in a g r e em e n t with observations. h a s been isolated in the data f r o m the high-inclination ( 7 0 " ) , low-perigee A look a t F i g u r e 6, i n which the diurnal variation (250 k m ) satellite Injun 3 , shows that this model of the bulge is valid a l s o a t high iatitudes. we have, therefore, computed density residuais f o r Expiorei. 1 9 and E x p l o r e r 24 using the J65 model of the diurnal variation. the plots of t h e s e residuals, we find that they a r e l a r g e s t , and positive, when the satellite perigee p a s s e s n e a r a pole around the winter equinox; no comp a r a b l e negative residuals Occur when it approaches the poles in s u m m e r .
--_
Inspecting W e have t r i e d to r e p r e s e n t the residuals t u r e s the t e r m by adding to the computed t e m p e r a -L w h e r e A, B, and C a r e a r b i t r a r y constants, z is the obliquity of the ecliptic, 6 the declination of the sun, and + the latitude. In this model a residual A T h a s two components: one, corresponding to the f i r s t t e r m in the bracket, h e m i s p h e r e ; A d e t e r m i n e s its magnitude, B i t s duration, and C its extent i n latitude.
0
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The f i r s t t e r m r e a c h e s a maximum in December, and
In this manner, we c r e a t e a density bulge in the winter F o r the higher of the two satellites, E x p l o r e r 19, we found by t r i a l and e r r o r that the residuals can be fitted r e m a r k a b l y well by equation ( 3 ) , using the following values of the constants:
The r e s u l t of this fitting i s shown i n F i g u r e 8. F o r E x p l o r e r 24 we find that, while we c a n still use the same values of B and C, we have to reduce A to about one-half, to 90" ; but, in spite of the fact that the residuals f o r t h i s satellite a r e a little s m a l l e r than those of Explorer 19, the fit is l e s s s a t i s f a c t o r y (see F i g u r e 9). no t r a c e of any winter bulge. It would appear that a seasonal variation in the height of the turbopause could explain the formation of a winter helium bulge that would account f o r all the f e a t u r e s observed in the data of E x p l o r e r 1 9 and Explorer 24, including the l e s s s a t i s f a c t o r y f i t of equation ( 3 ) to the l a t t e r satellite.
heights of both satellites underwent l a r g e fluctuations, exploring regions of different helium concentrations, but the variation of helium content was much g r e a t e r f o r E x p l o r e r 24. It should be c l e a r that, if we have to deal with a density bulge caused by a n e x c e s s of helium, the t h e r m a l bulge of equation ( 3 ) will f i t the observations relatively well only if t h e r e is no change of r e l ative helium content with height.
imation should be obtained by introducing a variation i n the partial density of helium alone as a function of latitude and season.
simple i n principle, it r e q u i r e s a considerable a l t e r a t i o n i n the p r o g r a m we a r e using now to analyze atmospheric densities; i n the meantime, we f e e l justified in offering our r e s u l t s in the present form. 
